It is well-known that gravitational lensing is a powerful tool to investigate matter distributions including DM. Typical angular distances images and typical time scales depend on gravitational lens masses. A launch of space interferometer Radioastron will give new excellent facilities to investigate microlensing in radio band, since in this case there is a possibility not only to resolve microimages but also observe astrometric microlensing.
Gravitational microlensing effect predicted by Byalko (1969) ; Paczynski (1986) if sources are stars in Milky Way or Large Magellanic Cloud discovered by MACHO, EROS and OGLE collaborations Alcock et al. (1993) ; Aubourg et al. (1993) ; Udalski (2002) discussed in details (see, for example, Zakharov (1997) ; Zakharov & Sazhin (1998) ; Zakharov (2003 Zakharov ( , 2004 ; Kerins (2001) ; Griest (2002) ; Evans (2003) ; Evans & Belokurov (2003 , 2004 ). However, microlensing for distant quasars was considered by Gott (1981) (soon after the first gravitational lens discovery by Walsh, Carswell & Weymann (1993) ) and discovered by Irwin et al. (1989) in gravitational lenses systems since an optical depth for such systems are highest (calculations of the optical depth for different locations of microlenses was discussed by Zakharov, Popović & Jovanović (2004) ).
For cosmological locations of gravitational lenses and stellar masses, typical angles between images are about ∼ 10 −6 sec Wambsganss (1990 Wambsganss ( , 1993 Wambsganss ( , 2001 ). More precisely θE = RE DS ≈ 2.2 × 10 −6 h75
where RE is the Einstein -Chwolson radius, DS is an angular diameter distance between a source and an observer, h75 = H0 (75 km/(c Mpc)) , H0 is the Hubble constant.
Theoretical studies of microlensing in gravitational lens systems started since Chang & Refsdal (1979) paper. Unfor-⋆ E-mail: zakharov@itep.ru tunately, now it is impossible to resolve microimages, however in this case there is a chance to observe temporal variations of observed fluxes, or so called photometric microlensing.
In principle the gravitational lens effect is achromatic, but sizes and locations for different spectral bands could be different and in this case we could observe chromatic effect (Wambsganss & Paczynski 1991) , but if the sizes and locations are correlated in this case variations of fluxes in different bands are correlated too.
PROJECTED PARAMETERS OF THE SPACE INTERFEROMETER RADIOASTRON
According to the schedule the space radio telescope RA-DIOASTRON will be launched in 2007. This project was initiated by Astro Space Center (ASC) of Lebedev Physical Institute of Russian Academy of Sciences (RAS) in collaboration with other institutions of RAS and RosAviaKosmos. Scientists from 20 countries develop the scientific payload for the satellite and will provide a ground base support of the mission. The project was approved by RAS and RosAviaKosmos and is smoothly developing. This space based 10-meter radio telescope will be used for space -ground VLBI measurements. The measurements will have extraordinary high angular resolutions, namely about 1 -10 microarcseconds (in particular about 8 microarcseconds at the shortest wavelength 1.35 cm and a standard orbit and could be about 0.9 microarcseconds for the high orbit at the same wavelength. For observations four wave bands will be used corresponding to λ = 1.35 cm, λ = 6.2 cm, λ = 18 cm, λ = 92 cm. An orbit for the satellite was chosen with high apogee and with period of satellite rotation around the Earth 9.5 days, which evolves as a result of weak gravitational perturbations from the Moon and the Sun. The perigee is in a band from 10 to 70 thousand kilometers, the apogee is a band from 310 to 390 thousand kilometers. The basic orbit parameters will be the following: the orbital period is p = 9.5 days, the semi-major axis is a = 189 000 km, the eccentricity is e = 0.853, the perigee is H = 29 000 km.
A detailed calculation of the high-apogee evolving orbit can be done if the exact time of launch is known.
After several years of observations, it would be possible to move the spacecraft to a much higher orbit (with apogee radius about 3.2 million km), by additional spacecraft maneuver using gravitational force of the Moon. In this case it would be necessary to use 64-70 m antennas for the spacecraft control, synchronizations and telemetry. The fringe sizes (in micro arc seconds) for the apogee of the above-mentioned orbit and for all RADIOASTRON bands are given in Table 2 .
Thus, there are non-negligible chances to observe such mirages around the black hole at the Galactic Center and in nearby AGNs and microquasars in the radio-band using RADIOASTRON facilities.
MICROIMAGE RESOLVING FOR DISTANT QUASARS

Microlens locations
If microlenses are located in our Galaxy, recent observations by MACHO, EROS OGLE collaborations (and their theoretical interpretations) showed that an optical depth for Galactic microlens is about 10 −6 − 10 −7 . In spite of the fact that for a selected source is very small and for a discovery of microlensing for distant source one could monitor about 10 6 background sources that is a hard problem, however an angular distance between images is about 10 −3 arcsec, therefore there is a possibility to resolve quasi point quasar images with VLBI technique in radio bands (there is also a chance to resolve the stellar images in IR band with the modern optical telescopes Delplancke, Gorski & Richichi (2001) ; Paczynski (2001) ). It was shown that an optical depth for microlenses located in halo or (and) in quasar bulge is low Zakharov, Popović & Jovanović (2004) . We will not study 1 http://www.asc.rssi.ru/radioastron/ the case because of the optical depth is low but also angular distance between images is much shorter the facilities of RADIOASTRON.
COSMOLOGICAL DISTRIBUTION FOR MICROLENSES
To estimate an optical depth we will use point source approximation for emitting source. It means that the size of the region is much smaller than Einstein -Chwolson radius. Typical Einstein -Chwolson radius could be estimated by the following manner (Wambsganss 2001 )
where typical lens and a source have cosmological redshifts z ∼ 0.5 and z ∼ 2 correspondingly, M is a lens mass, DL, DS and DLS are angular diameter distances between an observer and lens; an observer and source; lens and source, correspondingly. A typical quasar size is parametrized by 10 15 cm (Wambsganss 2001) . For this case length scale in source plane is about
If we assume that supermassive black hole is located in quasar center and its mass is about MSMBH = 10 9 M⊙, then its Schwarzschild radius is rg = 3 × 10 14 cm and assuming that emitting region has a size remission < 100 rg = 3 × 10 16 cm, we obtain remission < REC. We could assume that the compact source is the brightest spot of radio image. However one could mention, that such an approximation could be incorrect if microlenses are located in bulges or halos of quasars, since in these cases Einstein radii could be about few astronomical units, since we have DL ∼ DS, DLS << DS from (2,3),
In this case one must take into account a finite size of emitting region.
To evaluate an optical depth we will assume that a source is located at a distance with cosmological redshift z. Calculations for different parameters are given by Zakharov, Popović & Jovanović (2004) . We will remind of the results.
An optical depth could be evaluated using approximations given by Turner (1984) ; Fukugita and Turner (1991) 
where ΩL is compact lens density (in critical density units), Ω0 is matter density, ΩΛ is a Λ-term density (or quintessence),
is an affine parameter (in cH
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We use realistic cosmological parameters to evaluate integral (5). Observations of cosmological SN Ia and CMB anisotropy give the following parameters ΩΛ ≈ 0.7, Ω0 ≈ 0.3.
Recent observations of the WMAP team gives for the best fit ΩΛ ≈ 0.73, Ω0 ≈ 0.27 Bennett et al. (2003) ; Spergel et al. (1993) .
Thus, Ω0 = 0.3 and ΩL = 0.05 (ΩL = 0.01) could be adopted as realistic, if we assume that almost all barionic matter form microlenses (ΩL = 0.05), or 20% baryonic matter forms microlenses (ΩL = 0.01)). However, for z ∼ 2.0 optical depth could be about ∼ 0.01 − 0.1 Zakharov, Popović & Jovanović (2004) . If about 30% nonbaryonic dark matter forms cosmologically distributed objects with stellar masses (such as neutralino stars suggested by Gurevich and Zybin (1995) ; Gurevich et al. (1996 Gurevich et al. ( , 1997 , parameter ΩL = 0.1 could be adopted as realistic and in this case an optical depth could be about ∼ 0.1.
Observed features of microlensing for quasars
More than 10 years ago Hawkins (1993 Hawkins ( , 1996 Hawkins ( , 2002 ) put forward the idea that nearly all quasars are being microlensed. Recently, Hawkins (2002) considered three basic models to explain AGN variability: the disc instability model proposed by Rees (1984) , the starburst model developed by Aretxaga and Terlevich (1994) as an alternative, and finally the idea that the observed variations are not intrinsic to the AGN, but a result of gravitational microlensing by stellar mass objects along the line of sight. Suggesting that different mechanisms dominate in different luminosity regimes Hawkins (2002) divided AGN into two categories, quasars with MB < −23 and Seyfert galaxies with MB > −23.
To distinguish different models of variability Hawkins (2002) used quantitative predictions for the statistics of AGN variability based on structure functions of Kawaguchi et al. (1998) . Hawkins (2002) analyzed about 1500 quasars in the central 19 deg 2 of ESO/SERC Field 287 up to magnitude BJ = 22, and 610 have been confirmed with redshifts. The structure function was calculated for a sample of 401 quasars from the survey of Hawkins (1996) . For comparison he considered the results of monitoring Seyfert galaxy NGC 5548 and a sample of 45 Seyfert galaxies from the survey of Hawkins (1996) . He calculated structure functions slopes of two class of AGN and found that the slope is 0.36 ± 0.02 for Seyfert galaxies and 0.2 ± 0.01 for quasars. Since the model prescriptions give structure function slopes of 0.83±0.08 for the starburst model, 0.44±0.03 for the disc instability model and 0.25±0.03 for microlensing, the observational results favor the disc instability model for Seyfert galaxies, and the microlensing model for quasars. The starburst and disc instability models are ruled out for quasars, while the microlensing model is in good agreement with the observations. As was shown by Hawkins (1996) the cosmological density of microlenses should be comparable with the critical density or at least with Ωm ∼ 0.3. However, the analysis of the structural function only cannot confirm or rule out the hypothesis of microlensing origin of quasar variability, but it is an additional argument in favor of the microlensing model.
Observations with space interferometer Radioastron appearance or disappearance of micro images could confirm or rule out Hawkins hypothesis that variability of a large part of quasars is caused by microlensing, since if Radioastron will have a high orbit than it will have an angular resolution about 10 −6 arcsec.
TYPICAL TIME SCALES FOR MICROLENSING
Typical scales for microlensing are discussed not only in books on gravitational lensing , Petters et al. 2001 ), but in recent papers also (see, for example, Treyer & Wambsganss (2004) . Usually people discuss locations of microlenses in gravitational macrolenses because of an optical depth for microlensing is the highest in comparison with other possible locations of gravitational microlenses, but it is clear that the fact it was known quit well in advance. However, cases for microlens locations were considered, for example galactic clusters or extragalactic dark halos could have microlenses. So, for example following to a recent paper by Treyer & Wambsganss (2004) , we remind that typical length scale for microlensing and assuming as the authors a concordance cosmological model (Ωtot = 1, Ωmatter = 0.3, ΩΛ = 0.7)
where "typical" microlens and sources redshifts are assumed to be z l = 0.5, zs 
Using the length scale (7) and velocity scale (say 600 km/sec as did), one could calculate the standard time scale corresponding to the scale to cross Einstein radius
where a relative transverse velocity v600 = v ⊥ /(600 km/sec). The time scale tE corresponding to the approximation of a point mass lens and small size of source in comparison with Einstein Chwolson radius and probably the approximation and the time scale could be used if microlenses are distributed freely at cosmological distances and actually one Einstein Chwolson angle is located far enough from another one. But the estimation (9) gives long time scales especially for gravitationally lensed systems, thus we must apply another microlens model to estimate time scales. If we use the simple caustic microlens model (like the straight fold caustic model), there are two time scales, namely it depends on sizes of "caustic size" and source radius R. If the source radius is larger or about "caustic size" rcaustic (if we use the following approximation for the magnification near the caustic µ = rcaustic y − yc (y > yc and y is the perpendicular direction to the fold caustic)), thus R rcaustic, then the relevant time scale is the "crossing caustic time" (Treyer & Wambsganss 2004) 
(in the right hand side D l and Ds correspond to z l = 0.5 and zs = 2 respectively and R15 = Rsource/10 15 cm). However, if the source radius Rsource is much smaller than the "caustic size" rcaustic Rsource ≪ rcaustic, one could used the "caustic time", namely the time when the source is located in the area near the caustic and the time scale corresponds to
where r15 = rcaustic/10 15 cm. Thus tcross could be used as a lower limit for typical time scales for the simple caustic microlens model, but since there are two length parameters in the problem and in general we do not know their values, we could not evaluate Rsource only from the time scales of microlensing because time scales could correspond to two different length scales. However, if we take into account variation amplitudes of luminosity, one could say that in general tcross corresponds to to smaller variation amplitudes than tcaustic, because if the source square is large there is a "smoothness" effect since only small fraction of source square is located in the high amplification region near the caustic.
ASTROMETRICAL MICROLENSING
Astrometrical microlensing was discussed in number of papers, but at the first time light bending by gravitational field was discussed by Newton in 1727, the first published derivation of light bending for light was given by Soldner in 1801 (it was published in 1804). In the framework of GR light bending was calculated by Einstein in 1915 and the prediction was confirmed in 1919. Actually such an astrometrical displacement of distant image due to light bending by gravitational field of microlenses is called astrometrical microlensing and the effect could be detectable with optical astrometrical mission like SIM (Space Interferometry Mission, see http://sim.jpl.nasa.gov), GAIA (Global Astrometric Interferometer for Astrophysics, see http://sci.esa.int/gaia) and radio projects like VERA (VLBI Exploration of Radio Astrometry) and Radioastron.
MICROLENSES IN OUR GALAXY
Let us remind basic definitions and their relations. We consider a point size lens. A distance between source and an observer is DS, a distance between a gravitational lens and observer is DD , a distance between a gravitational lens and a source is DDS. Thus, we obtain gravitational lens equation 
where vectors η, ξ define coordinates in the source and lens planes correspondingly, but the angle is determines by the relation
If the right hand side (13) is equal to zero, we obtain the conditions when a source, a lens and an observer are located on the same line (η= 0). The corresponding length ξ0 = 4GM DDDDS/(c 2 DS) is called Einstein Chwolson radius. One could calculate also Einstein Chwolson angle θ0 = ξ0/DD.
If we write gravitational lens equation in dimensionless variables, then we obtain x = ξ/ξ0, y = DS η/(ξ0DD), α = ΘDDSDD/(DSξ0), (14) and the gravitational lens equation has the following form:
Solving the equation x, we obtain
Then we calculate distance between images:
TYPICAL TIME SCALES FOR ASTROMETRICAL MICROLENSING IN OUR GALAXY
Let us consider asymptotic for x + and y → ∞, then x + → y + 1 y and angular distance between real image position and image position in Einstein Chwolson angles ∆ = x + − y ∼ 1 y (the angle is describe an astrometric microlensing).
Let us remind typical scales for lengths, time and angles. Let us consider the Galactic case if a gravitational lens has stellar mass ∼ M⊙ and is located at 10 kpc, then
Thus, we have for Einstein angle
It is known that a distance between images is about ∼ 2ξ0 for small y, thus the angular distance about (mac). Due to a proper motion, we have
where V is a transverse velocity of a lens. Using last two expressions, one calculates typical time scale for microlensing, which a time to cross Einstein radius by a source due to a proper motion (all distance could be considered at a celestial sphere):
Let us present rough estimates of an optical depth for astrometric microlensing using estimates for classic microlensing given by MACHO and EROS collaborations τ halo ∼ 1. × 10 −7 . Since image displacement for classic microlensing is about θ class ∼ 1 mac, then an optical depth to have displacement θ threshold = 10µac and θ threshold = µac is given by the expression
So, for θ threshold = 10 µac an optical depth is about τastromet ∼ 1. × 10 −3 and for θ threshold = µac it is about τastromet ∼ 0.1, and since according to last estimates τ halo = 1.2 × 10 −7 , Griest 2002 ). An optical depth for classical microlensing toward Galactic bulge is about ∼ 3 × 10 −6 , thus an optical depth for astrometrical microlensing is higher.
We assume that typical time scale for astrometrical microlensing is double time to change an image position displacement from θ threshold to maximal displacement θmax. A typical maximal displacement is θmax = √ 2 2 θ threshold . Then typical time scales for astrometrical microlensing (one could use other definitions with a factor about 1)
So, for θ threshold = 10 µac a typical time scale is about tastromet ∼ 20 years and for θ threshold = µac it is about tastromet ∼ 200 years.
CONCLUSIONS
1). The most perspective objects for investigations using Radioastron in (classical and astrometrical) microlensing are gravitational lens systems and distant quasars demonstrated variability caused by microlensing according to Hawkins hypothesis.
2). Since photometrical monitoring is cheaper than astrometrical one, thus one could determine compact spots of quasars demonstrated photometrical features of microlensing, and using instruments like Radioastron one could analyze displacements of images corresponding different photometrical data.
3) Optical depth for cosmological distributions of microlenses could reach ∼ 10 −2 − 0.1 and give essential contribution into variability of distant quasars. The optical depth τ ∼ 0.1 corresponding to a case when non-baryonic dark matter forms cosmologically distributed microlenses. 4) Using facilities of Radioastron with angular resolution about 10 −6 − 10 −5 angular seconds one could confirm or rule out) Hawkins hypothesis concerning quasars demonstrated variability. 5) Is it was clear in advance, the highest probability for microlensing corresponds to gravitational lens systems and they are preferable objects to confirm evidences of microlensing using Radioastron facilities.
